Introduction
Since 1934, myalgic encephalomyelitis (ME) has been increasingly reported from socially developed countries and temperate regions of the world. Endemic prevalence alternates with periodic epidemics, showing a curious predilection for female staff of health care and teaching institutions. ' Maximum incidence in both sexes occurs in the third decade. ME is a multisystem syndrome including nervous, cardiovascular, endocrine and other involvement, distinguished by severe muscle fatigue following trivial exertion. Other characteristics include high morbidity, low mortality, a prolonged relapsing course and variation in intensity of symptoms within and between episodes, tending to chronicity.2'3 Conventional technology is limited in demonstrating abnormalities and this has hitherto permitted misinterpretation of the symptoms as psychogenic.4.5 Historically, a marked similarity to non-paralytic poliomyelitis in respect of prodrome, seasonal and geographical incidence'-3 caused diagnostic confusion. The return of a local family from holiday with a poliomyelitislike illness (of whom 3 subsequently developed ME), prompted collaboration between the authors.
Patient selection
We adopted the following clinical criteria for investigation of ME: a syndrome commonly initiated by respiratory and/or gastro-intestinal infection but an insidious or more dramatic onset following neurological, cardiac or endocrine disability occurs. The Season and type of prodromal illness A distinct prodrome occurred in 340/420 (81 %) patients, characterized by a respiratory/gastrointestinal or 'flu-like illness in 277/340 (81 %) and lymphadenopathy and summer/autumn onset in 218/340 (64%). Alternative prodromal presentations in Symptoms and signs (Table II ) Symptomatology in ME is characteristically varied between age groups and episodes. Our study includes a number of families followed up from the prodromal illness, when the nature and frequency of symptoms may differ greatly from those recorded in individuals who subsequently develop ME.
Relapse of ME Known precipitants included physical and mental stress in all 420 patients (100%), intercurrent infection in 176 (42%), climatic change or hot baths in 50 (12%), surgery, immunization, hormonal disturbance in 38 (9%), psychoactive, antiarthritic or steroid drugs in 21 (5%). The geographical epidemiology of enteroviral infection depends entirely upon the interaction of climate and hygiene. Virtually all children born in hyperendemic tropical areas lacking sanitation, acquire immunity in early life. Conversely, many adults in temperate zones with seasonal and hygienic limitation of enterovirus circulation, lack immunity. Post-pubertal infections tend to be severe and lead (as in poliomyelitis) to the paradox of overt adult infection and epidemics in affluent societies with cool climates. It is only in these geographical areas that epidemic ME has been described. Sixty four per cent of our patients with a prodrome reported summer/autumn onset, while in 34/420 (8%), travel to an endemic area at any season was an antecedent factor. The peak incidence of ME is in the third decade and Table I indicates that a minority of our patients developed ME before puberty or after 45 years (when a less hygienic childhood may have afforded natural immunity). In this country, asymptomatic children, especially when diapered, are the main dispersers of infection. Male infants are more susceptible than female and possibly acquire earlier immunity. These factors do much to explain the sex ratio of ME, the earlier onset and higher incidence in women (Table I) , the secondary cases in family and school contacts and the curious predisposition of health care and teaching staff.
Multi-system clinical involvement in patients with ME Most enteroviral infections are biphasic. A nonspecific prodromal illness precedes, by an interval, infection of target organs. Host factors, such as age, physical and mental stress, climatic change, hormones, immunosuppression, anti-inflammatory drugs, surgery and immunization, contribute to this outcome. '6 The onset ofillness and relapse in our patients was significantly associated with similar events. Enteroviruses exhibit an extensive cell tropism. Symptoms are protean within the family and community, depending upon the age and susceptibility of the host as well as the strain and virulence of the virus. Enteroviral syndromes which range from trivial to severe, include: respiratory, gastrointestinal, muscular and neurological infections, exanthems, enanthems, conjunctivitis, arthritis, diseases of endocrine and lymphatic glands. All of these are encountered in the prodrome of ME. In autumn 1976, at the beginning of our survey, 488/814 (60%) of all viruses associated with neurological manifestations notified to the Public Health Laboratory Service, were identified as NPEVs.'7 This could well explain the common neurological and encephalitic features of ME. The psychological disturbances in our patients differed from classical depression in that all but three patients had a normal premorbid personality, volition was preserved, weight and appetite disturbance minimal and treatment with antidepressant drugs ineffectual in 123/420 (29%) of patients in whom it had been tried. Moreover, neurophysiological research using cognitive event-related potentials has shown prolonged latencies in MEan abnormality not present in patients with depression. '8 Exercise related morbidity in ME Coxsackie viruses are characteristically myotropic and enteroviral genomic sequences have been detected in muscle biopsies from patients with ME."' Exercise related abnormalities of function have been demonstrated by nuclear magnetic resonance20 and single fibre electro-myography2' including a failure to coordinate oxidative metabolism with anaerobic glycolysis causing abnormally early intracellular acidosis, consistent with the early fatiguability and the slow recovery from exercise in ME.
Coxsackie viruses can initiate non-cytolytic persistent infection in human cells.22 Animal models demonstrate similar enteroviral persistence in neurological disease,23 myopericarditis24 and the deleterious effect of forced exercise on persistently infected muscles.25 These studies elucidate the exercise-related morbidity and the chronic relapsing nature of ME.
Diagnostic pitfalls in enterovirology
Asymptomatic enteroviral carriage is common (it is the rationale for oral polio vaccine) and caution is required in the interpretation of conventional laboratory tests or case/control studies. Virus isolation (unless from a sequestered site) may lack significance and the difficulty is compounded by an early and abundant neutralizing response. Acid dissociation ofthe virus from neutralizing antibody has been used to permit direct culture and the production of a monoclonal antibody (5 D 8/1), directed against a viral protein component (VPI) exclusive to enteroviruses, has demonstrated persistent bowel infection leading to systemic disease with VPI antigen, free or bound to antibody, in the circulation of patients with ME.8 Of 40 patients in our study referred for VPI testing, 20 had positive results.
Conclusions
Clinical, laboratory, and epidemiological data support the suggestion that ME is a complication in non-immune individuals of widespread subclinical NPEV infection. ME predominantly affects the most socially and economically active section of society. Misinterpretation of this common illness as psychogenic delays the early recognition mandatory for modification of life style which may avoid progression to chronic disability. Other forms of therapy are disappointing.26 Despite the use of prophylactic anti-enteroviral drugs in animal research27 the control of enteroviral infection in humans still depends upon immunization and measures to improve public hygiene.28
